In comparison to fossil fuel that pollutes the lower layer of the atmosphere, wind energy is an alternative clean source of energy. Wind speed is the parameter with primary importance in designing and studying the wind energy conversion systems. In this study, the statistical analysis of the parameters of wind power density and wind speed distribution was investigated using the wind speed data of Diyarbakır province between the years 2014 and 2018 that were hourly measured by the General Directorate of Meteorology. Wind data are used to derive probability distributions, and their distributional parameters are determined. Two probability density functions are suited to the measured probability distributions on a yearly basis. The Weibull and the Rayleigh models are used to analyze the wind energy potential of the location. This modeling process was evaluated according to R2, RMSE and 2 parameters. In conclusion, the values obtained by the Weibull model gave better results than the values obtained by the Rayleigh model in the wind data analysis of Diyarbakır province.
Introduction
As the world population grows rapidly, the demand for energy increases proportionally. Despite the increasing demand for energy, limited fossil fuel reserves, quality energy and the efficient use of energy produced have become important issues especially in developing countries like Turkey. Turkey has a fairly high level of renewable energy sources to meet a certain part of the total demand for energy [1] . Wind energy has a renewable property and is also known as an environmentally clean energy source among these energy sources [2] . There is no transport problem in wind energy, and also its use does not require a high technology. Wind is formed by the temperature and pressure difference caused by the warming and cooling of the atmosphere. Wind is a stable, reliable, continuous and kinetic energy source. Especially in recent years, investments in converting wind power potential into electric energy have been increasing much faster along with the development of turbine technology. In order to benefit from wind energy which exists as long as the sun and the world exist and is a renewable energy source, it needs to be converted to another form of energy [3] . With the help of meteorological data, distributions of the most suitable regional wind regimes can be determined by using various computer programs [4] [5] . In addition, in many studies, meteorological data were used for statistical analysis in solar energy applications [6] [7] [8] [9] . In the studies carried out in the literature, the wind speed frequency distribution is shown using different distributions such as Gamma, log normal, Rayleigh. On the other hand, the twoparameter Weibull distribution and the one-parameter Rayleigh distribution are the methods that have been used to represent the wind distribution of many regions of the world in recent years. The reasons for using these methods are the factors such as their good compliance with the wind distribution, the flexibility of the distributions, the ease of determination of parameters, small number of parameters, predictability of different heights after determining parameters for a height [10] . Hourly average wind speed data measured at a height of 30 meters at Diyarbakır meteorological station of the Turkish State Meteorological Service between the years 2014 and 2018 were used in this study. Weibull and Rayleigh functions were analyzed statistically to determine the wind energy potential of Diyarbakır province. Statica and Matlab programs were used in the analyses of the study. Weibull and Rayleigh probability density function, cumulative distribution function, average wind speed, standard deviation of wind speed, maximum wind speed and wind power density were determined in statistical analyses. The root mean square error (RMSE), Chi-square (χ2) and correlation coefficient (R2) were used to evaluate the performance of Weibull and Rayleigh functions.
Wind speed data
In this study, hourly time series wind speed data in Diyarbakır that were measured between the years 2014 and 2018 were statistically analyzed. Wind speed data were continuously recorded at a height of 30 m using a cup-generator anemometer located at the Diyarbakır station of the Turkish State Meteorological Service. The continuously recorded wind speed data were averaged over 1 hour and stored as hourly values.
Performance analysis
The model selection criteria required in determining the optimal statistical distribution for the observed wind speed are introduced in this section.
Statistical criteria
In the literature, there are studies on the wind speed statistics [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Rayleigh distributions, where the two parameter Weibull and Weibull shape parameters are 2, are the most widely used distributions. Rayleigh distribution is less flexible than Weibull since it is single parameter, but the calculation of parameters is easier. It is known that the wind speed distribution approaches the Rayleigh distribution in the case where annual average wind speed is greater than 4.5 [10] .
The general expression of the two parameter Weibull probability density function is presented in Eq. 1.
Here, k and c are the shape and scale parameters, respectively. The scale parameter c also has a reference value in the wind data. Weibull cumulative distribution function is determined by Eq. 2.
The shape parameter is around 1 near the equator, 2 at temperate latitudes and around 3 for continuous wind areas [25] .
The probability density function of the Rayleigh distribution and the cumulative distribution function are presented by Eq. 3 and Eq. 4.
The biggest advantage of Rayleigh distribution is the determination of the distribution only with the average wind speed. The validity of Rayleigh distribution in wind studies was shown in many references [26] . In this study, the least squares method was used to find the parameters of the Weibull and Rayleigh distributions [10, 26] . The average wind speed and the standard deviation of the wind speed are calculated using Eq. 5 and Eq. 6, respectively.
where  ( ) is the gamma function.
Based on the Weibull distribution, the wind speed with the largest frequency is calculated from Eq. 7 [8] .
Maximum wind speed is found by Eq. 8 [6] .
When it is k=2 in the above-mentioned formulas, calculations are made for the Rayleigh distribution. The average wind power density is most generally calculated from Eq. 9:
The average power density for the Weibull distribution is obtained from Eq. 10 as follows [10] .
The average power density for Rayleigh distribution is determined by Eq. 11:
In this study, the coefficient of determination (R 2 ) based on the theoretical and observed probabilities of distributions, root mean square error (RMSE) and chi-square (χ2) criteria were selected as Eq. 12, Eq. 13 and Eq. 14 in the statistical modeling of wind speed data of distributions:
where yi is the measured data, zi is the mean value, xi is the predicted data with the Weibull or Rayleigh distribution, N is the number of observations and n is the number of constants. Thus, the more distribution function can be selected by the highest value of R 2 and the lowest values of RMSE and  2 . R 2 ranges between 0 and 1 as a measure of the predictive power of a model and its approaches to 1 indicates that predictive power of the model has increased [26] .
Results and discussion
The monthly mean wind speeds are presented in Figure 1 . As it can be seen in Figure 1 The diurnal variation of the mean wind speed values is plotted in Figure 2 . According to the yearly average results, the wind speed is the lowest as 0.98 m/s the hours of 03:00 in 2014, and is the highest as 4.33 m/s the hours of 13:00 in 2016. Table 1 , available time-series data were arranged as frequency distribution format for the period between 2014 and 2018. In the second column of Table 1 , wind speed is grouped into classes. In the third column, mean wind speeds are calculated for each speed class intervals. The fourth column shows the frequency of the occurrence of each speed class. The probability density distribution is presented in the fifth column. In the last columns, the theoretical frequency values calculated from the Weibull and Rayleigh distributions are presented, respectively. The yearly probability density and the cumulative distributions derived from the time-series data of Diyarbakır are presented in Figures 3 and 4 , respectively. The yearly probability density and the cumulative distributions are presented in Figure 5 for all years. The monthly mean wind speed values (vm) and standard deviations (σ) are presented in Table 2 to The yearly values of the two Weibull parameters, the scale parameter c (m/s) and shape parameter k (dimensionless), calculated from the long term wind data for Diyarbakır are presented in Table 3 . Furthermore, monthly values of k and c are also presented in Table 3 . It is obvious that the parameter k has a much smaller, temporal variation than the parameter c. The range of k is between 0.861 and 3.42, while the c value varies between 0.923 to 5.70 m/s. The lowest value of the scale parameter is 0.923 m/s and is found in July of 2014, while the highest value is 5.70, which occurred in July of 2016. The highest k value is in December of 2014 and the lowest is found in June of 2014. The mean k and c vales is 2.47 and 3.27 m/s, respectively. The mean wind intensity and standard deviation values are important in predicting the shape and scale parameters. In Figure 6 , the variation of the Weibull probability distribution with wind speed is plotted by years. The highest probability value according to the Weibull probability distribution function was obtained as 0.35 in 2014. The Weibull and Rayleigh approximations of the actual probability distribution of wind speeds are presented in Figure 7 , while a comparison of the two approximations is presented in Table 4 . In Figure  7 , the probability distribution of the actual data, the Weibull probability distribution, and the Rayleigh probability distribution are plotted versus the wind speed according to the average of five years data. The probability ratio of the Rayleigh distribution is higher than the Weibull distribution. The values of the statistical parameters (R 2 , RMSE, and χ 2 ) obtained from Weibull and Rayleigh distributions are given in Table 4 . The R 2 value is found between 0.92-0.98 in the Weibull distribution and 0.90-0.93 in the Rayleigh distribution. The RMSE values range from 1.09x10 -5 to 4.72x10 -5 in the Weibull distribution and from 2.69x10 -5 to 1.84x10 -4 in the Rayleigh distribution. The χ 2 values vary between 2.59x10 -5 and 1.08x10 -4 in the Weibull distribution and between 6.61x10 -5 and 3.95x10 -4 in the Rayleigh distribution. As can be seen in Table 4 , the highest R 2 value is obtained by using the Weibull distribution. However, the results have shown that the RMSE and χ 2 values of the Weibull distribution are lower than the values obtained for the Rayleigh distribution. As a result, the Weibull approximation is found to be the most accurate distribution according to the highest value of R 2 and the lowest values of RMSE and χ 2 . The Weibull distribution parameters and the Rayleigh distribution parameters are given in Table 5 and Month WEİBULL RAYLEİGH The variation of mean wind speed with Weibull power density and Rayleigh power density are showed in Fig. 9 and in Fig. 10 with respect to years, respectively. The mean wind velocity is determined as 2.93 m/s for Weibull distribution and 2.64 m/s for Rayleigh distribution. In the Weibull distribution, the highest power density is 41.99W/m 2 in 2016 and the lowest power density is 17.87 W/m 2 in 2014 and the mean power density is 29.15 W/m 2 . In the Rayleigh distribution, the highest and the lowest power density is determined as 26.20 W/m 2 in 2016 and 11.95 W/m2 in 2014, respectively, and but also the mean power density is obtained as 22.29 W/m 2 . 
Conclusion
The wind characteristics of Diyarbakır were statistically analyzed. Wind speed data were obtained for five years (2014-2018). Probability density distributions and power density distributions were obtained from time series data and distribution parameters were calculated. Two probability density functions were added to the wind speeds measured on a monthly and yearly basis. Based on the Weibull and Rayleigh models, the wind energy potential of Diyarbakır was investigated. The results can be summarized as the following: 1) Within five years, the Weibull distribution provides a better estimate of wind power potential density than the Rayleigh distribution. This is seen from the results of the correlation coefficient.
2) The Weibull model is generally better in fitting the measured yearly probability density distributions than the Rayleigh model, to the statistical criteria such as R 2 , RMSE and χ 2 . Therefore, it was concluded that it would be better to use the Weibull distribution in the analysis of wind data of Diyarbakır.
3) The values of the shape parameter (k) and scale parameter (c) at Diyarbakır were examined. The yearly mean values of k and c for Weibull distribution were determined as 2.47 and 3.27 m/s over a five year period of 2014-2018. The yearly mean c value for Rayleigh distribution was found 3.39 m/s.
4)
It is indicated by the mean value of wind speed and energy intensity measured at the location that economical electricity production is not provided from wind power by the current technology and that the measurements need to be assessed in the long term in line with the technological developments and reduction in the cost of turbines. In conclusion, average monthly power and annual average power densities in Diyarbakir are not appropriate directly to the network support with wind energy systems. 
